configuration of natural ( -)-phaseic acid (2a) was confirmed.
As the result ofa wide chemical study of the natural plant hormone abscisic acid (1, ABA),1* some metabolites2) of 1 have been so far isolated from higher plants. Amongthem, (-)-phaseic acid (2a) as a typical metabolite was first isolated from the immature seed of Phaseolus multiflorus by MacMillan et al., 3) and the occurrence of2a has been now verified in several other plants. 4 ) The metabolite (2a) is estimated to be biosynthetically derived from the first oxidation product ofABA(1), metabolite C (3), which is easily converted to 2a or 2b by heating or methylation. 5) The unique biological activity of 2a in connection with ABA(1), especially the stomatal closing effect on plants, seems very interesting.6) The relative stereochemistry of (-)-2a was proved by Milborrow7) and Sakan et al. 8) as shown in Fig. 1 , and this result was also supported by our synthetic study.9) After completing the total synthesis of (±)-methyl phaseate (2b) and its isomers, we have undertaken the chiral synthesis of 2b.
In this paper, we describe the total synthesis of an enantiomer (+)-2b, from readily avail- The retrosynthetic plan is shown in Scheme 1. We divided target molecule 2b into its cyclohexane moiety and side chain unit, which could possibly be synthesized from the substituted cyclohexenone (5) and acetylenic tb utyldimethylsilyl (TBDMS) ether (6), respec- tively. The central problem in this synthesis was to secure the chiraL oxoacetal (5) possessing a quaternary carbon center. The oxoacetal (5) seemed to be derived from the 1,4-dioxoester (7), which could be expected to be synthesized by acidic cyclobutane ring opening of the oxoester (8) followed by functionalization. The absolute configuration (IR, 3R, 5R) of the oxoester (8) has already been established.11} Therefore, we undertook to transfer the chirality of3R in 8 to that of6Sin 5.
The /?-oxoester 8, which was synthesized from (-)-/?-pinene (4) in 3 steps by Torii's method,1n was subjected to acid catalyzed cleavage of the cyclobutane ring with dry HC1 gas in methanol to give a mixture of three oxoesters, chloro ester (9), methoxy ester (10) and the expected isopropylidene ester (ll) , in a ratio of2 : 2: 1 in an almost quantitative yield. Although the desired ketoester (ll) could be separated by silica gel chromatography, the mixture was directly subjected to a treatment with silica gel in chloroform13) to afford the isopropylidene oxoester (ll) in a 67%overall
yield from 8. Methylation of ll with lithium diisopropylamide (LDA) and methyl iodide in tetrahydrofuran (THF) at -78~0°C provided methyl ketone 12 as an epimeric mixture. In order to elaborate the oxygen function at the C(5) position, 12 was treated with ozone in methanol at -70°C and followed by a subsequent reductive work up with dimethyl sulfide to give 1,4-dioxoester (13) in a good yield.
Dehydrogenation of the cyclohexane ring of 13 was accomplished by Sharpless's method as follows14*: the dioxoester (13) was reacted with phenylselenenyl chloride in ethyl acetate, and the resulting selenide was immediately oxidized with hydrogen peroxide in the presence of pyridine to afford an enone (7) as the sole product in a 79% yield from 13. Spectral data supported the proposed structure for compound (7) . Next, selective monoacetalization of7 with methyl orthoformate and ethylene glycol in the presence of a catalytic amount of ptoluenesulfonic acid in ether gave a monoacetal (14) . Lithium aluminum hydride reduction of 14 afforded crystalline diol 15, which was found to decompose easily to a highly polar substance during purification (e.g. In this way, the absolute configuration of natural phaseic acid (2a) was confirmed.
Experimental
Melting points (mp) and boiling points (bp) are uncorrected. Infrared (IR) spectra were recorded on a JASCOIR-810 infrared spectrometer.
Nuclear magnetic resonance (NMR) spectra were measured on a JEOL JNM-FX-100 spectrometer with TMS as an internal standard. Mass spectra were obtained with a JEOL JMS-DX-300 mass spectrometer. Thin-layer chromatography (TLC) was performed on a silica gel (Merck 60 PF254, 0.5 mmthickness). Optical rotations were measured on a JASCODIP-4 spectrometer. Gas chromatographic (GLC) analyses were performed on a Yanaco G-3800 instrument with a flame ionization detector, using a 2mx3mm stainless steel column packed with 10%silicone SE-30 on chromosorb W(N2 flow rate: 30ml/min). This crude product was dissolved in CHC13 (10ml) and to this solution was added SiO2 (4.1 g). The suspension was stirred at 65°C for 12h under Ar and then filtered. The filtrate was concentrated in vacuo to leave an oil, which was purified by preparative TLC (hexane-EtOAc (4 : 1)) to give ll (141mg, 67% from 8).
ll ( -)-(iS)-Methyl l,3-dimethyl-2,5-dioxo-3-cyclohexene-1-carboxylate (7). A mixture of 13 (3.64g, 18.4mmol) and phenylselenenyl chloride (3.87 g, 20.2 mmol) in ethyl acetate (120 ml) was stirred at room temperature for 6 hr, and then water was added. After being separated, the organic layer was concentrated in vacuo to leave an oil, which was dissolved in CH2C12 (85 ml) containing pyridine (3.7ml).
To a vigorously stirred solution of this was added aqueous hydrogen peroxide (15%, 44ml, ca. 190mmol) with icebath cooling. The mixture was stirred for 2hr and diluted with ether. The solution was washed with sat. CuSO4 solution, water and brine, and dried over MgSO4. Removal of the solvent left an oil, which was passed through silica gel column (ether) to give 7 (2.86g, 79%). 7.
[a]j} -38.6°(c=0.58, CHC13 (l /R,6'S)-(Z)-5-(4/,4/-Ethylenedioxy-l /-hydroxy-2/,6/-dimethyl-6 '-tetrahydropyranyloxymethyl-2 '-cyclohexen-1 '-yl)-3-methyl-2-penten-4-yn-l-ol t-butyldimethylsilyl ether (17) and (
(a) To a stirred solution of6 (1.89g, 9.00mmol) in THF (30ml) was added dropwise a 1.6m solution of «-BuLi in hexane (5.4ml, 8.64mmol ) at -13°C under argon. After stirring for 45min, the reaction mixture was cooled to -20°C, and 5 (890mg, 3.03mmol) in THF (3ml) was added to the stirred mixture. The mixture was stirred for 1hr at -20°C and then at room temperature for 1hr.
After quenching with aq. NH4C1solution, the resulting mixture was extracted with ether. The extract was washed with water and brine, and dried over MgSO4.Removal of the solvent gave an oily residue, which was purified by silica gel column chromatography (hexane-EtOAc (4 : 1)) to give 17 (460mg, 30%) and 18 (1.02g, 67%).
(b) To a stirred solution of 6 (220mg, 1.05mmol) in THF (2ml) was added dropwise a 1.6m solution of«-BuLi in hexane (0.66ml, 1.05mmol) at -73°C under argon. HMPA (0.4ml) was added to this solution, and the reaction mixture was warmed to 0°C for 45min and then cooled to -73°C. 5 (lOOmg, 0.34mmol) in THF (0.5ml) was added to the mixture at -73°C, and the mixture was stirred at -73°C for 1 (19) . To a stirred solution of 17 (380mg, 0.75mmol) in methanol (3.2ml) was added 5% NaOH solution (1.1ml) at 0°C under nitrogen. The mixture was stirred at 0°C for 30min and then at room temperature overnight. The solution was concentrated in vacuo and water was added to the residue. The mixture was extracted with EtOAc. The extracts was washed with water and brine, and dried over MgSO4. Removal of the solvent gave a residue, which was purified by preparative TLC (hexane-EtOAc (1 :2)) to give 19 (290mg, 99% (1 ' S,6 ' S)-{Z)-5-{4' ' ,4 ' -Ethylenedioxy-1 ' -hydroxy-21 ,6 ' -dimethyl-6 ' -tetrahydropyranyloxymethyl-2 '-cyclohexen-1 '-yl)-3-methyl-2-penten-4-yn-l-ol (20) . As in the preceding case, the TBDMS ether (18, 
